imposed on this ensemble of inductive evidence are interesting in themselves, because they were an expression of the probability-based decision making orientation of one whose existence straddled the sensualist philosophy of the late eighteenth century and the dawn of positivist thought. That Laennec's conclusions were inaccurate does not hamper our assessment of his priorities; in fact, the errors permit a certain enhanced clarity. In the case of the breath sounds, where the intended meanings of Laennec's signs appear to conform to those of the present, there is a great temptation to assume that they must indeed have been given the same significance. Laennec's heart signs and their evolution do not allow this type of simplistic assumption. They require a diligent effort on the part of a modern observer in order to be understood and this effort protects the comprehension from unwarranted assumption.
CARDIOLOGY IN THE EARLY NINETEENTH CENTURY
To discuss the cardiology of the early nineteenth century is to invite an accusation of anachronism. Diseases ofthe heart were considered to be plausible entities by 1800, but symptoms that could be regarded as diagnostic of cardiac problems were few. For centuries, the phenomena most commonly associated with disease of the heart were palpitation, chest pain, and sudden death. Other symptoms now commonly related to cardiac dysfunction, such as fainting spells, shortness of breath, and dependent oedema, were not so obviously linked to the heart and most appeared to be remote. As Saul Jarcho observed, it is necessary to unearth records from "unexpectedly diverse hiding places" in order to make a longitudinal study ofa modern cardiac concept.4 The purpose of this introduction is not to make a longitudinal study of a modern concept, but rather to determine the status of knowledge concerning diseases of the heart in the early nineteenth century and to relate this understanding to the cardiology of Rene Laennec.
It has been observed that there is a "dearth of recorded interest" in the subject of physical diagnosis of heart disease before Laennec;5 this observation may be accurate, but it is also naive. Late eighteenth-century physicians were not looking for signs of heart disease any more than they were looking for the signs of renal disease, liver disease, or any other organ-based illness. Given the spectrum of clinical diagnoses available to an early nineteenth-century practitioner, discovery and treatment of an organic lesion of the heart was not a concern. Diagnoses consisted of the accurate description and naming of the symptom complex accompanying illness. Laennec's invention of the stethoscope, in 1816, provided a practical means of bringing pathological anatomy to the bedside. Auscultation made possible the ante-mortem recognition of organic lesions in the lungs, the site of many common diseases of the time. The stethoscope permitted the identification of diseases in the living patient by detecting their associated physical alterations. It cleared the way for a shift in the conceptualization of all diseases from symptom groupings to organic alterations in the human organism and it made useful the accumulation of more than a century of 4 Saul Jarcho, The concept ofheartfailureftom Avicenna to Albertini, Cambridge MA, Harvard University Press, 1980, p. vi. 5 Victor A. McKusick, ' The history ofmethods for the diagnosis of heart disease', Bull. Hist. Med., 1960, 34:16. observation in pathology. There could be no interest in the physical diagnosis of heart disease until diseases were perceived to be due to and identified by physical alterations of the heart. In 1800, the dominant method of defining disease in the clinical setting was the symptom-based classification of the nosologists, in which disease was perceived as the ensemble of symptoms suffered by and perceptible to the patient. Some of these symptoms were "pathognomonic" or diagnostic of a recognizable course or outcome. Such symptoms were considered to be signs as well, because the physician's appreciation of this type of symptom gave additional information. A sign was generally thought to be a symptom that invoked a reasoned judgement, a judgement that led to the name of the disease or to an accurate prognosis.6 Rarely would the sign implicate an organic lesion. Practitioners interested in pathological anatomy might suspect some structural alteration of the heart in certain patients, but this suspicion was insufficient to constitute a diagnosis.
While nosology dominated clinical medicine, pathological anatomy existed as an almost separate science.7 Its perceived relevance to bedside medicine increased throughout the eighteenth century as reflected in the titles, which moved from the "graveyard", Sepulchretum, of Theophile Bonet, to the Seats and causes ofdisease of Giambattista Morgagni, and the Medical anatomy of Antoine Portal.8 But the utility of pathological anatomy was challenged by three principal objections. First, organic lesions were associated with the cadaver and might even be artefacts of death itself; symptoms were a feature of life. Second, although the internal changes might be truly associated with disease, they could not be detected before the death and autopsy of the patient. Finally, even if the organic changes could be detected by or inferred from the clinical presentation, nothing could be done to change them. The physician had to relieve the symptoms, the subjective suffering of the disease, and could never hope to alter internal defects of anatomy.
Pathological lesions of the heart had been recognized in all the great eighteenthcentury compendia, from Bonet to Baillie, although there may have been a traditional prejudice against the notion of a diseased heart.9 In 1715, Raymond Vieussens wrote an anatomical-physiological treatise on the structure of the heart and its movement in which he mentioned, but did not emphasize, structural changes as part ofdisease.10 He 6 See contemporary discussions of "signe", "symptome" and "pathognomonique" in the following:
suggested that alterations in the quality ofthe blood could favour organic change in the heart.'1 Jean-Baptiste Senac also wrote a treatise on the structure and diseases of the heart and even chose to name his second edition Diseases ofthe heart, although it dealt mainly with the pathological lesions.'2 Senac, like Vieussens, discussed changes in the pericardium and the heart muscle and, in addition, he described lesions of the valves, coronary arteries, and great vessels. He considered sadness to be a potential cause of heart disease.'3 In Britain, William Heberden's (1710-1801) classic description of the pain of angina pectoris14 was linked to ossification in the coronary arteries in the work of John Fothergill (1712-80), John Hunter (1728-93), Caleb H. Parry (1755-1822), and Edward Jenner (1749-1823). 5 Here, then, the symptom of a specific type of pain became a sign of a specific internal organic change. As will be shown, however, acceptance of this notion was neither immediate nor universal, and objections were often justified. Senac expressed the problem of accurate correlation of the variable symptoms with organic changes, when he lamented the sorry prospects of detecting such changes before the patient died: "But how amongst so many false appearances, so many complications and varieties can one disentangle the heart diseases?"'6
In the early nineteenth century, prior to Laennec's discovery of auscultation, there was a certain rapprochement between nosology and pathological anatomy. For example, at the end of every chapter in his book, Matthew Baillie (1761-1823) discussed symptoms that accompanied alterations in each particular organ. Concerning the heart, he stated that the symptom ofangina pectoris "would seem to be intimately connected to ossification of the coronaries", but he readily admitted that for other organic changes, like valvular lesions, "no observations have yet been made by which practitioners may be led to conjecture what set of valves is diseased." 17 Shortly after, several works appeared that sought to combine clinical presentation with pathological changes in the heart. These were the earliest clinico-pathological treatises on heart disease. The first of these, and the best known, was the Essay on the organic diseases and lesions ofthe heart andgreat vessels by Jean Corvisart's Essay is divided into six parts. Five more or less concern the different sites of organic alteration, pericardium, heart muscle, tendinous parts (valves and chordae, etc.), varia (carditis, rupture, tumour and septal defect) and aorta. The last part contains a discussion of aetiology, diagnosis, prognosis, and treatment. Case histories illustrate the commentary on pathological lesions. Corvisart described clinical entities that resemble the conditions now associated with coronary artery disease, but perhaps because of his political milieu, he appears to have been unaware of, or unwilling to credit, the theories on this disorder expounded across the Channel.
He associated stenosis of the mitral valve with a palpable "thrill", a vibration felt by the fingertips on the chest. 19 Corvisart was especially interested in enlargement of the heart, which he called "aneurysm", and he sub-divided it into "active" (thickened muscle) or "passive" (thin muscle). He tried to detect aneurysm by laying a palm on the patient's chest or by tapping on the precordium to determine the extent of cardiac dullness, and was quite confident in his ability to distinguish active from passive aneurysm in the clinical setting.20 He expanded on the value of percussion two years later in his translation of Auenbrugger's Inventum novum.21
In defining the clinical signs of organic heart disease, Corvisart included the colour and appearance of the face, the state of the pulse, the presence of dependent oedema, dyspnoea, enlargement of the liver, palpable thrill, and the signs of lung engorgement, hydrothorax or enlarged heart as elicited by percussion. Here were many signs, but even Corvisart acknowledged that, at times, it was still necessary to distinguish disorders of the heart from those of the lung.22
Unlike Senac,23 Corvisart thought that heart diseases were common, perhaps even increasing in frequency, and that they could be caused not only by abnormalities in heart structure but also by emotional lover dies at the very moment the flame of his passion was to be satisfied; the one is destroyed by terror; the other apparently thunderstruck with a paroxysm of passion ... 26
As most of Corvisart's research on organic heart disease took place during the strife of the French Revolution, the Terror, and the wars of the First Empire, it is almost inconceivable that he autopsied any patient, cardiac or other, who had not suffered emotional hardship. Later observers contended, perhaps with some justification, that there was no true rise in frequency of the heart diseases and that Corvisart's sensitivity to the increased psychological stress among his contemporaries caused him to examine the heart more closely, seeking (and finding) anticipated organic changes.27
In 1809, Allan Burns (1781-1813) published his Observations on some of the most frequent and important diseases of the heart.28 He was unaware of Corvisart's work, but he shared many of the same preoccupations, including an interest in enlargement of the heart. Burns divided enlargement into two categories, corresponding to Corvisart's "active" and "passive" aneurysm: enlargement with increase in solid muscular substance and simple dilatation. He associated the former with the palpable sensation now known as "precordial lift" and considered the presence or absence of lift to be a means of distinguishing between the two.29 He was not familiar with percussion and was less able than Corvisart to detect enlargement in general. Burns endorsed the contributions made by his countrymen to the coronary artery theory of angina pectoris.30 He avoided discussing the origins of the organic lesions and accused his contemporaries, including "the venerable Portal", of offering only vague conjectures.31 Although he scorned the concept of "acrimonious humours" as a cause of organic heart disease, Burns was not prepared to find a purely mechanical cause for the dilatations of the heart. He developed a sophisticated theory of back pressure to explain dilatation and cardiac oedema, but.he rejected Parry's accurate observation that dilatations occur in those parts immediately proximal to an obstruction.32 "Suffice it to say", remarked Burns, "that, in general, the dilatation is not caused by any mechanical agent. We know that individuals are predisposed to certain diseases, and that these different affections are produced by similar Antonio Giuseppe Testa, who also accepted the coronary artery theory of angina and who envisaged vitalistic causes oforganic heart disease.35 The second, Die Krankheiten des Herzens (1814) by Friedrich Ludwig Kreysig, a prolix three-volume work, was a compendium of anatomical abnormalities found in the heart. It has been suggested that Kreysig relied more heavily on the publications of others, including Corvisart and Burns, than he did on his own clinical experience.36 Like them, he exhorted physicians to perform autopsies in order to improve the understanding of heart disease. He adopted the coronary theory of angina, the valvular significance of palpable thrill and once mentioned having "heard" a swishing sound, but he ignored percussion.
The cardiology of the early part of Laennec's career can be summarized in three statements: first, there was general acknowledgement that illness could be related to organic changes in the heart; second, there was a fairly well-developed system of study of these organic lesions; and, finally, there was a less well-developed system of clinical signs indicative of the pathological change. A few of these signs, like the palpable thrill and percussion, were objective, independent of the patient's perception or description. Many, like the pain of angina pectoris, were intimately related to the patient's subjective experience of illness and most, like dependent oedema, dyspnoea and cyanosis, were not specific to heart ailments at all. Virtually all practitioners admitted the problems of detecting organic heart disease in the ante-mortem setting. Corvisart claimed a special ability, which he called "tact",37 for the experienced practitioner, an ability that helped him to choose the correct organic diagnosis between the various possibilities suggested by a complex and imprecise ensemble of observed phenomena.
LAENNEC'S CONCEPT OF HEART DISEASE Pathology Laennec retained Corvisart's classification of organic heart disease, substituting only the word "hypertrophy" for Corvisart's "active aneurysm" (see table 1). He coined the term "hypertrophy", was the first to apply it to the myocardium, and pointed out that it could exist in the absence of dilatation. His emphasis on the independence of changes in each of the chambers was coupled with an almost total silence on the physiological circumstances that may have led to these alterations. He classified both hypertrophy and dilatation with diseases of"nutrition": more heart was present than in the normal state and no other prior organic cause was implicated. He observed that atrial dilatation occurred most commonly in the presence of diseased atrio-ventricular valves, but he did not speculate on any causal relationship between the two conditions.38 35 Laennec shared Corvisart's major interest in volume changes of the myocardium, but he was not oblivious to other aspects of heart pathology. He recognized two forms of congenital heart disease: patent ductus and septal defects. He also left an original description of one type of valvular change, which he called "globular excrescences", the origin of which still remains obscure.39 In 1802, at the age of twenty-one, he published his first article, a clinico-pathological case report on a 22-year-old male whose pleural effusion and right ventricular dilatation had been predicted by Corvisart, using percussion on the cadaver just prior to autopsy. Corvisart had also hinted that the left side of the heart would contain "organic lesions and that it was even probable that the primary cause ("cause premiere") of the disease would be found there."40 In addition to proving the precision of Corvisart's predictions about the lungs and right ventricle, the autopsy revealed ossification of the mitral valve.
In someone were trying to tear off his left breast . ..
[from] a square area the size of two playing cards overlying his heart", may not have been cardiac in origin. In other words, this case may have served Laennec as evidence against the coronary ossification theory, a justified opinion; however, in using the particular case of Millot, the evidence may not have been valid. Laennec had these reservations about the coronary theory at least seven years before his discovery of auscultation, and his opinion remained unchanged until his death.46 He described angina as a nervous "lesionless" disease, or "nevrose" localized in the heart, that bore no constant relationship to the coronary arteries or the myocardium. For a while, he believed himself to be afflicted with angina, as well as other illnesses that he considered to be of a psychic nature, such as asthma, hypochondria, and gout.47 Later, he may have perceived the lack of definite stethoscopic findings in this disease as more support for this opinion. For him, persistence of normal heart sounds implied the absence of organic change. 1Etiology With most of his contemporaries, Laennec did not think of mechanical derangements as the only cause of organic changes in the heart. Valvular stenosis, even if it could be diagnosed in the living, was poorly understood and rarely seen as a primary alteration. Valvular insufficiency, on the other hand, was not recognized until 183 1. The "mechanical" obstruction posed by persistent elevation of systemic blood pressure, perhaps one of the most common causes of circulatory strain, was undetectable at the bedside, invisible in the cadaver, and as yet had no place in medical patho-physiology.
A student steeped in the sensualist philosophy of the post-Revolutionary Paris school and familiar with ideas of Cabanis,49 Laennec avoided discussing the causes of any disease. Nevertheless, he did provide a discussion of the possible causes of organic heart disease in both editions of his book. Corvisart had suggested that all valvular lesions were due to syphilis, but Laennec thought that other processes were probably involved.50 He denied the essential role of any form of inflammation in the production of valvular change, a stance he adopted in many other areas of medicine.5' This position may have stemmed from his opposition to Franqois-Joseph- production of virtually all diseases was itself a major irritation to Laennec.52 He admitted only that valvular alterations might be secondary to long-standing chronic illness and could themselves cause other organic changes, such as dropsy in the legs, oedema in the lungs, and haemorrhages. 53 Laennec also criticized Corvisart's emphasis on coarctation of the aorta as a frequent cause of heart disease, because the condition was rare.54 Comparing a subject's heart size to that of his fist, Laennec endorsed Allan Burns's notion of a heart too small for the body and suggested it as a reason for an individual's susceptibility to heart disease.55 He also offered the following blend ofpsychology and physiology as an explanation for organic change:
The energetic and frequently repeated action of all muscles causes them to increase in volume ... as the arm ofa soldier or the hands of labourers ... As a result, one realizes that palpitations, even if they are only of nervous or emotional origin, could lead to a true augmentation in the substance ("nutrition") of the heart, if they occur too often.56
John Forbes, Laennec's outspoken translator, criticized him for not placing enough emphasis on the emotional and nervous causes of heart disease.57
Treatment
In the early nineteenth century, organic heart diseases were considered to be incurable, but this did not preclude their treatment and Laennec was far from being a therapeutic nihilist. In 1819, he recommended blood-letting by leeches or venesection for the complications of swelling and dyspnoea. He found that the heart sounds and murmurs were altered by bleeding and concluded that the stethoscope would be a useful means ofcontrolling the beneficial effects.58 In 1826, he modified his therapeutic recommendations to include dietary measures and digitalis, but of the latter he was uncertain. "Its effect [as a diuretic] has never been obvious to me ... even when the dose was increased to the point of causing vomiting and vertigo ... in short I can only consider it to be an heroic measure."59 In using these high doses, a practice reminiscent Laennec Diagnosis Laennec recognized the general symptoms of heart disease: dyspnoea on exertion, orthopnoea, dependent oedema, anasarca, and palpitations. Unlike his British colleagues, he rarely timed the pulse, but he did notice quality and rhythm and startling variations in rate. He was able to say he had seen a pulse less than fifty beats per minute without symptoms, but he set less store by these examinations than had Corvisart.63 Attributing the original description of swollen jugular vein to Giovanni Maria Lancisi (1654-1720), Laennec resurrected this sign as a valuable indicator of an enlarged (but hypertrophic rather than dilated) right heart.64 He claimed that Corvisart had thought this was an unreliable sign of passive aneurysm of the right heart; yet, while he was still Corvisart's student, Laennec's attention had been drawn to pronounced beating in the jugular vein of a patient with precisely that pathological finding.65 Laennec thought that percussion was less useful in the examination of the heart than it was in examination of the chest, but he relied heavily on the value of pre-cordial palpation: exaggerated impulse as a sign of enlargement; thrill as a sign of valvular disease.
Stethoscopic signs Laennec described the diagnostic physical signs as a combination of alterations in all modalities of assessing the patient's condition, including observation and palpation. He maintained that auscultation had merely heightened the utility of other methods, especially percussion,66 but there is no doubt that he was very impressed with his stethoscope to the point of deserving the epithet "cylindromaniac".67 In the following presentation of Laennec's auscultatory signs of the normal and diseased heart, frequent reference will be made to present-day cardiac concepts. Although these references may be criticized as "presentist", they are not meant to exclude or intimidate the non-physician and can easily be skipped without losing the train of the argument. Their inclusion is intended as an attempt at critical judgement of Laennec's observations and as acknowledgement of the need, too often overlooked in contemporary medical history, "to recognize qualitatively better or worse science'".68
Stethoscopic signs: normal heart sounds The normal heart beat consists of two sounds: the first is synchronous with closure ofthe atrio-ventricular valves (i.e., mitral and tricuspid); the second, with the closure of the ventriculo-arterial valves, which Laennec called "sigmoid" (i.e., aortic and pulmonic). The exact physical cause of the sounds can be debated, but the synchrony with valve closure is well established.69 Laennec heard the first sound at the same time as he felt the rise in the carotid pulsation and the palpable apex beat, and he noticed that the point of maximal loudness was over the apex of the heart. From these two observations, he concluded that this first sound was due to the contraction of the ventricles. He then assumed that the second sound must be due to the contraction of the atria; and supported this assumption with the accurate observation that it was loudest high on the sternum, and the erroneous conclusion that the ventricular contraction was audible.70
Using this interpretation of the heart sounds, his extensive knowledge of anatomy, and repeated physical examinations, Laennec then tried to determine the best site on the chest to hear the "contraction" of each chamber and to delineate the boundaries of the normal audible beat. He then established a list of sites to which augmented sounds would progress and from which diminishing sounds would recede: left side of chest to axilla and the stomach; right side of chest to axilla; left back; right back.7'
Further support for his erroneous conclusion that myocardial contraction was audible came from Laennec's extrapolation from his research on auscultation of contracting muscle. He believed that the contraction of skeletal muscle was an audible phenomenon and concluded that the heart, being a similar muscle, would also produce audible contractions. There is some controversy over whether or not auscultation of contracting skeletal muscle produces any sound. Whatever sound may be heard is attributed not to the muscular action, but to secondary circulatory changes or friction between tissue planes. After the publication of his first edition, Laennec this presentation, he cited the work of "Blaud of Beaucaire", "Erman of Berlin", and W. H. Wollaston of London, but there is no evidence in the scientific manuscripts that Laennec was aware of the work of his contemporaries Felix Savart (1791-1841) or Jean-Louis-Marie Poiseulle (1779-1869) on turbulence and sound. 73 Laennec corresponded with Erman on the possibility of timing the variable contractions of muscle fibres in order to develop an auscultatory assessment of the strength of muscle action.74 According to Laennec, this project failed because he was unable to count more than seven or eight discrete noises per second, even though his ear could distinguish many more. Nevertheless, he made detailed analyses of the work ofthe heart based on an attempt to time the duration ofthe sounds. Although the heart seemed to be in perpetual motion, he concluded that in a twenty-four-hour period the ventricles were actually at rest for twelve hours and the atria for eighteen.75 These observations, made with stethoscope and watch, without the help of the direct vision or precise timing which would later be provided with electrical information or kymographic display, are remarkable for their relative accuracy. He applied the same blend of observation and analysis to sounds heard in a carotid artery to produce the most disarming pages in his book: a musical description ofcarotid bruits complete with staff, notes, slurs, and clef.76 Laennec was an enthusiastic witness to several experiments performed by his English friend, David Barry (1780-1836), on the effects of atmospheric pressure on the cardiovascular physiology of the horse and the dog.77
Having defined rest periods of the heart chambers, no special emphasis on the sequence of chamber contraction. Perhaps as a result of his reading of Senac, Laennec may not have thought the order important. Yet, both his "reversal" of the sequence of contraction and his ignorance of Harvey may be more apparent than real as the following discussion should demonstrate. If every ventricular beat is preceded by an atrial beat, it must also be said that every ventricular beat is also followed by an atrial beat, albeit displaced considerably in time. Laennec might not have thought his description of the heart sounds to be inconsistent with the work of Harvey. It could have been the entire period of ventricular diastole that he meant by "the rest period after atrial contraction overlooked by Haller". Support for this possibility can be found in the work of William Stokes (1804-78), who published a small treatise on auscultation in 1825.81 Stokes adopted Laennec's interpretation of the heart sounds and was the first to use the terminology of "first" and "second" sounds; however, his ordinal nomenclature was the direct opposite of the conventional. Stokes's first heart sound was the one now called "second", and vice versa. Why did Stokes create this curious grouping of the sounds giving a longer pause between the two components of each heartbeat (first atrial contraction, then ventricular contraction) than between the end of one beat and the start of the next? This may have been an attempt to reconcile the plausible observations of Laennec, including the rest period "overlooked by Haller", with the undisputed work of Harvey. Because the heart sounds are not muscular in origin, Laennec's "reversal" of the order of contraction is neither corrected nor improved by simply reversing his nomenclature, i.e. naming the first sound "atrial" and the second, "ventricular". In fact, such terminology corresponds less well to the events observed.
Laennec's failure to interpret the heart sounds correctly has astounded some historians of medicine; yet only rarely have they tried to explain his conclusions. It has been suggested that his errors were due to an over-emphasis of pathological anatomy and a relative indifference to physiology.82 There is abundant evidence here to refute such a contention and Laennec would have refuted it too. He considered himself to be an active participant in the study of the living subject, since most of the sounds he described, such as breath sounds, rales, pectoriloquy, the heart beat and murmurs, were absolutely dependent on the co-operation of the living patient, and non-existent in the cadaver.83 cardiac diseases, Laennec was convinced he was on to something extremely important and useful. With auscultation, he hoped to reduce the subjective aspects of physical signs: no longer would the physician be dependent solely on his own interpretation ofa patient's account of subjective feelings; no longer would the signs of organic change be polyvalent symptoms that could occur in many different illnesses. The sounds provided by the stethoscope were produced directly by the organic change itself. Once their significance had been clarified by careful autopsy correlation, they would stand as universally valid, objective indicators of internal anatomical change. As his word stethoscope implied, Laennec intended the observer to see within the thorax by hearing. Auscultatory sounds were a capital endorsement of the desiderata of the sensualist Ideologue physicians: they were based on acute sensory observation; they minimized intervening theorizing. Laennec's cardiology chapters and the thesis of his student, Adolphe Toulmouche, are full of enthusiasm for the advantages of auscultation. Phrases like "the only sure sign" and "the only constant and truly pathognomonic sign" were all, of course, applied to stethoscopic findings which were to replace the "equivocal symptoms". the murmur. For example, he associated the file sound ("bruit du lime") with valvular ossification,91 but he also described a "muffled noise" synchronous with the second sound that, for him, represented cardiac enlargement.92 This latter noise, which occurs in stenosis of the mitral valve, is due to turbulence in blood flow at the altered mitral orifice, but Laennec ascribed it to hypertrophy of the atria because it seemed to represent a prolongation ofthe atrial contraction (the second sound). Indeed, left atrial hypertrophy does occur in mitral stenosis as a result ofthe altered haemodynamics, but only as a secondary change. It has been said that Laennec's thinking on the subject ofmurmurs "deteriorated" in the years between his two editions.93 In 1819, he denied that any murmur was associated with ossification of the aortic valve, but he did accept murmur as a sign of mitral valve disease: "ossification of the mitral valve can be recognized with the cylinder by the following signs: the auricular sound becomes much longer and more muffled and is slightly choked and brusque, reminiscent of file sound on wood; sometimes this sound is similar to that of a bellows closed abruptly. sign of pre-cordial thrill, which he labelled "fremissement cataire" or cat-like purring, as a reliable, but questionably sensitive, sign of ossification of the valves that "never" appeared without a murmur.
In 1824, Victor Collin, Laennec's junior colleague at the Necker Hospital, provided the details of some of the experiments that had caused Laennec to revise his opinion:
heard indicates which orifice is affected. The possibility of detecting a very similar sound in an individual with the bellows sound by compressing an artery ... seems to suggest it is only a modification of the latter due to a more pronounced spasm, maintained and caused by an additional and equally resistent obstacle.97
In short, the file sound may have been a reliable indicator of valvular change, but it was produced by accompanying spasm in the muscular chamber upstream to a lesion.
Two years later, Laennec did not cite Collin, but he included the example of the contracting jaw muscles. He even went so far as to cast suspicion on the value of pre-cordial thrill and its associated murmur as a sign of organic change:
These sounds are remarkable ... they are the only auscultatory sounds that are not related to any organic lesion in which one can find their cause ... The bellows sound is the result of spasm and does not imply any organic lesion in the heart or its arteries ... It seems extremely likely that the thrill is due to a specific modification of innervation... [ Having originally considered murmurs to be signs of valvular disease, Laennec abandoned them all as signs of organic change. This stance was far from being unjustified. Non-organic or "functional" murmurs are extremely common, and occur without valve lesions in such hyperdynamic conditions as anaemia, fever, pregnancy, and thyrotoxicosis. Arterial bruits can also occur with anomalies in physical architecture that are of no pathological significance, as Collin's experiments had demonstrated. Given the high incidence of tuberculosis and its common manifestations of fever and anaemia, it is probable that Laennec did hear murmurs in these seemingly "lesionless" states. Certainly the list of observations provided by Collin supports this contention. Laennec's familiarity with the findings of his friend Jean Le Jumeau de Kergaradec (1788-1877) concerning the murmur overlying the normal human placenta probably further clouded the apparent significance of all murmurs. 99 Stethoscopic signs: Friction rub Pericarditis produces a characteristic sound called a "rub" ("frottement"), like creaking leather, which is probably due to friction between the inflamed surfaces of the membrane surrounding the heart. Laennec's associate Victor Collin first described this sound in a case-history of pericarditis, in 1824.100 Laennec may never have heard the sound, or if he did, it occurred so rarely prior to the more common autopsy finding of pericarditis that he completely denied its value. He did not name Collin and mentioned the sign only to reject it. "I thought for a while that this sound could be a sign of pericarditis", he wrote, "but I have been convinced since that it is not."'101 Collin's hesitant description was confined to two patients, only one of whom had he personally examined during life without an autopsy to confirm his clinical impression. The second case, provided by an intern at the Hopital St Antoine who had also examined the first, displayed the identical rubbing sound and was found to have pericarditis on post-mortem. It is possible that Laennec found the evidence of only one confirmed case, which he had not seen personally, too tenous for inclusion in his treatise.102
Pericarditis is a complication of tuberculosis. It is impossible to imagine that Laennec did not encounter this change quite frequently at the bedside and in the morgue. It is possible, however, that he discovered the lesion at autopsy far more frequently than he heard the friction rub in the clinic. Absence of the friction rub is usual in chronic calcific pericarditis, which may complicate tuberculosis, and in advanced states of pericarditis, called tamponade, when effusion separates the membranes and prevents the physical production of the sound.
Stethoscopic signs: Hypertrophy and dilatation Laennec, like Corvisart and Burns, was far more interested in the conditions of hypertrophy and dilatation than he was in the state of the valves or arteries. Since these changes were the most obvious and seemingly the most common anatomopathological changes, they dominated his anatomo-clinical research on the heart. Useful diagnostic signs would be those that could reliably and precisely indicate the status of cardiac muscle. Signs of valvular disease, coronary disease, and pericarditis were less important. From a modem perspective, hypertrophy and dilatation are only very rarely the primary alterations even if they are the most obvious findings at autopsy. Usually these alterations are secondary to some other prior pathological change, be it anatomical (such as valvular lesions, lung disease, and infarct) or metabolic (such as uraemia, toxaemia, and hypertension). Laennec heard sounds that could be considered diagnostic of these primary conditions, but, as with the file murmur, he always tried to associate them with the secondary changes in the myocardium.
The auscultatory signs of altered myocardium were described in the same terms in both editions of his book (see table 2). In fact the only changes in this section were the careful correction of the word "cylindre" to "stethoscope" and the sometimes hostile, sometimes complimentary references to R. J. Bertin's book of 1824, on diseases of the heart.'03 If Laennec's interpretation is divorced from his description, these signs can be summarized in the following manner: distinct heart sounds implied dilatation of the ventricles; silent or absent sounds implied hypertrophy. In laying down the stethoscopic signs of hypertrophy and dilatation, Laennec relied on the site of the 102 There is evidence that Laennec and Collin did not always see eye-to-eye on the matter of teaching or popularizing auscultation. In a not-so-subtle criticism of Laennec's lengthy verbal descriptions, Collin advised that a stethoscopist should "avoid tedious detail and infinite subdivisions, convinced that the many nuances belonging to the major stethoscopic sounds can be appreciated only by attentive and repeated observation and that even a very long description gives only an incomplete idea of their nature." Op. cit., note 96 above, p. 2.
103 As Laennec himselfdeclared, his hostility was directed not so much against Bertin as against his editor, Bouillaud, for his Broussais-like theories concerning inflammation. Laennec KEY: R = right; L = left; V = ventricular; H = hypertrophy; DIL = dilatation audible sounds and its extension to unusual locations. The palpable impulse of the heart on the chest wall was also an important consideration. Sometimes he seems to have included not only the sound, but also the impulse carried to the side of the examiner's head by the stethoscope.104 He assumed that variations in the quality and intensity of the heart sounds reflected organic changes in the myocardium, rather than in the other components of the circulatory system. This assumption may have been fostered by his musical literacy, which encouraged him to explore the relationship of loudness to strength. Its justification came from his work on skeletal muscle. The final criteria established by Laennec imply an inverse acoustic translation of increased muscle bulk. The origin and potential accuracy of these signs will be assessed in the three detailed case-histories presented below.
CASES
Despite the superlative adjectives he used, Laennec seems to have had some uncertainty about his signs. He unidentified hand. This is an exceptional omission in an otherwise complete collection, and it may hint at an attempt by Laennec's friends to suppress his less successful ideas. 107 Perhaps more astonishing than the paucity and disappearance of the College de France lectures are the poverty of case examples in the published chapters on the heart, and the fact that these cases scarcely change between the two editions. In several instances they even fail to support Laennec's contentions.
In the 1819 edition of Laennec's book, out of a total of fifty case observations only six concern the heart and great vessels: Ponsard, Potel, Villeneuve, Lefebvre, an unidentified 35-year-old labourer and Millet.108 Of these, four had been examined with the stethoscope, another four had been examined by autopsy, but in only two was any correlation made between the stethoscopic signs and the post-mortem findings. Lefebvre, who had died in 1803 prior to the invention of the stethoscope, was selected because of the spectacular post-mortem findings on the valves. No mention was made of auscultation in the case of Millet, who died in May 1817 of a dissecting aortic aneurysm with left ventricular hypertrophy. Villeneuve died in 1819, but auscultation had done little to elucidate his pericarditis. His case history too was selected for the autopsy results. Potel, a 39-year-old woman who died in early December 1817, was found to have loud heart sounds which were correlated with the autopsy findings of pulmonary tuberculosis, myocardial dilatation, and an enlarged liver. The 35-year-old labourer, who had died in April 1819, had a murmur corresponding to mitral valve insufficiency, which had not yet been recognized as a patho-physiological entity. His case was used to illustrate the diagnosis of ventricular hypertrophy by variation in the intensity of the heart sounds. Ponsard was still alive in 1819. Obviously, his case could offer no pathological proof of the presumed meaning of his very loud murmurs, which were attributed to diseased valves.
In the 1826 edition, out of fifty-one observations there were again six cardiac cases: Ponsard, Potel, Lefebvre, the unidentified 35-year-old labourer, Millet and Dirichard.109 In fact, the apparently new case of Dirichard had already been published in the 1819 edition, in the section on lung diseases.1"0 In other words, Laennec made no new contributions to his chapter on heart disease, although he revised some of his conclusions. He removed the cross-references made in 1819 to five cases elsewhere in the text where he had unabashedly admitted that the findings seemed to contradict his conclusions."' There was an update on the still-living Ponsard who had returned to visit "le docteur Laennec" in 1822. Despite the justifications offered earlier in this essay for Laennec's eventual rejection of the murmurs as signs of valvular disease, it must be said that both the 35-year-old labourer and the young Ponsard, still without autopsy and still with his loud heart murmurs, were left as case examples of mitral valve disease! 107 For a discussion of Laennec's conflict with organicism, the view that every disease could be associated with organic change, see Jacalyn M. Duffin, ' It seems that shortly after the publication of his first edition, Laennec had given up trying to make some coherent order out of the stethoscopic findings in the heart. Although he had changed his mind about the meaning of the murmurs, he did not see fit to correct the case examples in his publication accordingly. A survey of the several hundred manuscript case records kept in the Musee Laennec at Nantes tends to confirm this impression. Shortly after the discovery of mediate auscultation, Laennec made a diligent effort, in most cases, to describe the heart sounds and to make an ante-mortem diagnosis of the organic state of the heart. Sometimes this was accomplished by verbal "stretching" of the pathological diagnosis to fit the predictions of the clinical findings."12 By 1824, this practice seems to have been abandoned: the heart sounds were rarely mentioned and any attempt at an ante-mortem cardiac diagnosis, if it appeared at all, was based on information other than that provided by the stethoscope.
Two cases, one from May 1820, the other from November 1823, illustrate the change in Laennec's interpretation of murmurs. In the first, of a 35-year-old woman, a palpable thrill and a murmur "softer than a file sound" led the examiners to predict mitral valve ossification, which was confirmed by autopsy.113 In the second, a 25-year-old menuisier named Jean Juelle, a left precordial lift and a file sound murmur synchronous with the first heart sound caused the first observer, probably a student, to predict ventricular hypertrophy and ossification of the aortic valves. When Laennec examined Juelle the following week, he heard the same murmur and a crepitant rale and had the following words added to the diagnosis: "pulmonary oedema-spasm of the arteries". Autopsy demonstrated the presence of left ventricular hypertrophy beyond question, but it is not clear whether or not the student intended to soften the significance of the valvular findings out of respect for Laennec when he wrote his report. He wrote: "one of the sigmoid valves of the aorta was entirely ossified at its base and open ("be'ante"): nevertheless it reduced the calibre of the artery only a little at this point... The internal membrane of the arteries, the entire length of the aorta, and into the internal iliacs, the subclavians and the carotids ... was perfectly healthy.""114 The valvular change was confirmed but spasm, a phenomenon of life, could not be demonstrated or denied by autopsy.
Unfortunately, there is no trace of the manuscript versions of the cardiology cases published in Laennec's treatise. Many of the published pulmonary cases do exist in manuscript, making the absence of the cardiac observations look suspiciously similar, if not related, to the disappearance of the College de France lectures on the heart. Nevertheless, the examination of one case selected from the treatise, and two chosen from the collection of hospital records, can shed some light on Laennec's method and 112 One example of this is the case of Moissonet, a 67-year-old male seen in December 1821, who had very clear heart sounds suggestive of dilatation. The pathology report reads "heart not very large ... [but] cavities were perhaps a little larger than the walls were thick": MS. Cl. I, lot b., f. 5-7. Other examples include Redon, Cl. I lot b, f. 75-77; and anon., Cl. I lot b, f. 69-72. Most of the cases displaying an attempt at ante-mortem diagnosis of organic heart changes are in Classeur I, lot b (1816-1819); those without are in Classeur III (1823-1826).
113 Laennec, MS. Cl. Id, 6r.-12v. This observation, like Case 2 above, was most likely collected by Rene Laennec's cousin and student, Meriadec Laennec. on how he came to his conclusions. In the footnotes, the medical reader can find a representation of each case in twentieth-century terms. The primary objective in this analysis is to demonstrate that Laennec's diagnostic signs could successfully predict hypertrophy and dilatation.
Case I Dirichard, a 45-year-old man, was first admitted to hospital in August 1818 for dyspnoea and swelling. On physical examination he was found to have a prominent pre-cordial impulse, a loud first heart sound and an absent second heart sound. Because of these findings, ventricular hypertrophy was suspected. He improved and was discharged a month later, but had to be readmitted for the same symptoms in November and again in January 1819. He felt heart beats in this throat, his dyspnoea increased and he developed rales. He died on 8th February 1819 after a pulmonary "haemorrhage". Autopsy confirmed the finding of ventricular hypertrophy, as well as engorgement of the lungs and a small pleural effusion. In addition, the aortic ring and the ascending aorta were dilated, although the valve cusps appeared to be normal. 1 l5
Laennec used this case in the first edition as an example of pulmonary hemorrhage. The loudness of the first (ventricular) sound and absence of the second sound were associated with ventricular hypertrophy as an incidental finding. In the second edition, Laennec moved the case to the chapter on heart disease, emphasizing the absence of the second heart sound as an indicator of hypertrophy. In making his initial clinical diagnosis, Laennec seems to have ignored his own statement that the ventricular sound should be soft in ventricular hypertrophy. This contradiction may have been the reason why he did not place the case in the cardiology section of the first edition. Instead, he heard what he might have expected to hear: a loud "ventricular" sound to correspond to a large ventricle. Later, Laennec focused not so much on the loud first sound, but on the soft second sound, finding that the case was more compatible with his pronouncements than he had thought. He judged the absence of the second sound to be the result of poorly heard atrial contraction, mechanically distanced from the chest wall by the enlarged ventricle. Here, evidently, hypertrophy was associated with a soft second heart sound."6
Case 2 This case illustrates the difficulty in applying the diagnostic sign of soft heart sound to indicate hypertrophied myocardium. It is kept in the manuscript collection at Nantes and the writer, who wrote in the first person, did not identify himself. It is most likely the work of Laennec's young cousin and student, Meriadec Laennec, who 115 Laennec, observation XLIX, op. cit., note 3 above, 1826, vol. 2, pp. 642-50. See also note I 10, above.
The pulmonary "haemorrhage" may have been acute pulmonary oedema. Since the outflow valves were normal, but the aortic ring and artery were dilated, it seems that this man had probably suffered from aortic insufficiency secondary to aneurysmal dilatation, perhaps of hypertensive or syphilitic origin. The first sound was loud due, not to ventricular contraction, but to the crisp closure of the partly cartilaginous and stiff mitral valve. The second sound was absent because the aortic cusps closed inefficiently, or not at all in the presence of a dilated aorta and aortic ring. The hypertrophy and dilatation correspond to patho-physiological changes in the heart, secondary to long-standing elevation of end-diastolic pressure.
116 On 23 October 1819, Monsieur Recamier asked me to consult on a 65-year-old patient, who was tall, thin and still very muscular. This man had a high fever and a slight disturbance of his thoughts. The respiratory sound on both sides was replaced by fairly loud mucous rales which seemed to be due to an uninterrupted series ofbursting bubbles. On the lower right, the respiratory sound was a little clearer. The voice resonated well throughout the chest, but posteriorly, there was obvious egophony, especially on the left. The heart beats were muffled and their impulse scarcely discernible; they were masked by the mucous rattle of respiration. Monsieur De Lens maintained that this sound was synchronous with the beats of the heart; for my part, I thought it was recognizable as a mucous rale and that it seemed to me to be quite separate.-In this patient I announced the presence of a double pleurisy and a weak ("faible") heart [writer's emphasis]. The autopsy thoroughly disproved the second part of my diagnosis.
Opening of the cadaver 24 hours after death ... Chest: The lungs did not adhere to the chest wall ... When they were removed it could be seen that there was no effusion in the pleural cavities, but the posterior portions of both lungs, especially the right, were covered with a soft, yellow, opaque pseudomembranous exudate that came off easily when the pleura was scraped. The right lung was more voluminous and heavier than the left and was like liver tissue... a true hepatization ... the left lung appeared to be healthy and only a little engorged with blood in the posterior portions.
The heart, quite large when compared to the size of the subject, adhered to the pericardium posteriorly and inferiorly by very short, firm, cellular bands. The left ventricle alone took up almost the entire volume of the organ; its cavity, however, was a little smaller than normal, capable ofholding at most an almond in its shell, but the walls were up to 15 lines [one line= 1/12 inch] in thickness and the septum up to 10. This considerable thickness was generalized and scarcely varied from the apex to the base. The fleshy columns were not in proportion to the rest of the ventricle, appearing as they should do in the normal state. The right ventricle . . . was small and its walls ofmoderate thickness (3 lines). The atria were unremarkable except for a few small, soft, yellowish, non-adherent, polypoid concretions, which extended into the veins.-The valves and the internal lining of the arteries were unremarkable.-The flesh of the heart was quite red and fairly firm.
Thus, in this patient the double pleurisy was confirmed, but the pneumonia and heart disease were not. After a briefexamination the latter ought to have been recognized; yet I found the heartbeats weak! This double error in diagnosis was all the more humiliating for me as I made it in the presence of Messieurs De Lens and Kergaradec."'8
This case is particularly interesting because of the error. The writer readily admitted not only his mistake and embarrassment, but also his surprise at the paradoxical 117 Rouxeau, op. cit., note 47 above, vol. 2, pp. 222-5. 118 Laennec, MS. Cl. I, lot d, f. I r.3v. Few details were given about this patient's history, but it does seem clear that he died of pneumonia and that his enormous left ventricular hypertrophy was of long standing and independent of valvular changes. Why then were the heart sounds "faible"? It is possible that the noisy rales of the acute process in the airways drowned the cardiac sounds. It is also possible, given the adhesions in the pericardium, that a pericardial effusion had reduced the intensity of the heart sounds. On the other hand, if Laennec's observations, both in the physical examination and at autopsy, were correct, the case could have been representative of either of two rare diagnoses: restrictive cardiomyopathy or idiopathic hypertrophic subaortic stenosis (IHSS). In Laennec's lifetime, restrictive cardiomyopathy may have occurred more often than it does now, as a result of amyloidosis secondary to tuberculosis. IHSS is an uncommon congenital condition without valvular abnormalities, which leads, among other things, to observation of a tremendously thickened heart muscle producing such a feeble sound. He did not appear to have entertained the possibility ofa muscle being weak in spite of its increased bulk. This case was attended only a few months after the publication of Laennec's first edition. Although the writer had failed to apply the book's recommendations at the bedside, the autopsy served as a resounding confirmation of the statements Laennec had made therein about the stethoscopic signs of hypertrophy.
Case 3 The third case, also with the Nantes manuscripts, was entitled "pleuresie ancienne a' droite-pleuresie recente a gauche-gastro-ente'rite?". It is clear, however, that the patient succumbed to heart disease. Unfortunately, because the pre-mortem diagnostic predictions were not included in the final report, it is impossible to know whether or not the cardiac pathology had been anticipated. The detailed auscultatory description has been preserved and would have been available to Laennec for post-mortem correlation even if he had not recorded his clinical diagnostic impression.
Necker Hospital, St Joseph's ward, no. 7, January 18, 1822.
Brasard (Jean Nicolas) 75-year-old worker in tobacco admitted 5 January 1822. For about seven or eight years, this strong, muscular and slightly stout man, had been subject to recurrent oppressions accompanied by a cough productive of quite abundant sputum and vague chest pains. From time to time, these symptoms would worsen and he would feel episodes of suffocation followed by dizziness and sometimes fainting. Two years prior to admission, he suffered fluxion of the chest and was treated at Hopital Cochin with phlebotomy, leeches, and revulsives to the legs and feet. During the last three months, the attacks have been worse and the cough and palpitations more frequent. The patient lost his appetite, felt his strength dwindling, and suffered pains in all his limbs. All these symptoms increased in the last ten days.
On admission his cheeks were red, respiration short, rapid and accompanied by wheezing and a loud mucous rale in the trachea. The pulse was weak, but the heart, on the other hand, was strong ("fort"). The impulse of the heartbeat seemed to be greater on the right than on the left .., the 15th, same condition; the 16th dead at 1 a.m.
Opening of the cadaver on January 18 ... Chest: The right lung adhered all over to the parietal pleura so firmly that one could not remove it without taking the membrane along with it. Transverse indentations corresponding to the ribs were noted on its surface ... The lung was ofnormal volume; its blackish-red tissue was still crepitant although it was well infiltrated with a frothy sanguinous serosity. No tubercles were seen ...
The left lung was bathed in a half-quart of sanguinous serosity . .. Its tissue, more crepitous than that of the right, was similarly infiltrated.
The heart was much larger than the fist ofthe subject. The left ventricle was huge and contained a few friable, black clots; the walls of the ventricle were scarcely thicker than they would be without the dilatation of this cavity. The right ventricle also offered a cavity much larger than normal proportional to the enlargement of the left; its walls were barely thickened.-The muscular flesh was firm and the membrane was dark red, almost violet, a redness that one also noticed along the internal lining ofthe pulmonary reduced ventricular out-flow and sometimes to lowered arterial blood pressure. Both diseases are associated with "distant heart sounds". The first sound is soft because of the delay in the rise of intraventricular pressure or because of incomplete closure of the mitral valve. The second sound is soft because of the low arterial pressure and the slow closure of the aortic valve.
arteries and into the abdominal aorta. The aortic "sigmoid" valve bore several cartilaginous points, which grated under the scalpel when scraped. Abdomen: ... the interior of the stomach was very red and its veins were engorged with black blood. The liver was large and very heavy. Conclusion: old pleurisy on the right, recent pleurisy on the left and possibly gastro-enteritis.'
This case confirms another of Laennec's cardiac signs: loud heart sounds in the presence of dilatation, without hypertrophy.
CONCLUSIONS
Heart sounds Laennec's interpretation of the heart sounds and his rejection of the significance of heart murmurs were incorrect, but his observations were sound and some of the signs he described were actually useful in predicting the pathological changes that interested him most. Some historians have suggested that since Laennec's judgements about the meaning of the heart sounds were not right, then all his cardiac semiology must have been without value.'20 This is not true of either Laennec's cardiology, or that of many of his successors. The significance of certain murmurs was appreciated and implemented in diagnosis long before the interpretation of the heart sounds was definitively resolved.'2'
The 1832 dissertation ofJ. Rouanet (1797-1865) contained the first interpretation of the heart sounds as products of valve closure, but it would take many years of controversy before this thesis was accepted.'22 Confusing the issue was the apparent inaccuracy of Harvey's observation that the palpable apex beat corresponded to ventricular systole. The apex beat does occur when the contraction of the ventricle 119 Laennec, MS. Cl. I, lot c, 16r.-19v. Despite Laennec's conclusion to the contrary, it seems that this patient died of florid left-and right-sided failure. The man was on the heavy side and had a long history of "oppressions", a word used by Laennec to describe not only dyspnoeic conditions, but also the pain of angina pectoris. The origin of his heart failure may well have been hypertensive and/or ischaemic as repeated small infarctions led to cardiomyopathy. What was Laennec hearing? The second sound might have been due to the loud snapping closure of the scierosed aortic valve, perhaps even further accentuated by elevated blood pressure. The weakness of the pulse, however, is against the presence of hypertension. The loud first sound is more difficult to explain with the clinical information given. We are told that the pulse was weak, but its rate was not mentioned. Almost certainly, there was tachycardia to correspond to the tachypnoea, and tachycardia is a cause of accentuated first heart sound by the mechanism of abrupt closure of the atrio-ventricular valves. Laennec attributed this loudness to the fact that an enlarged, dilated heart struck the chest wall over a wider area. In fact, dilatation is a feature of heart failure and in heart failure, unless there is a rhythm disturbance, tachycardia is almost always present. Enhanced heart sounds, therefore, can occur with dilatation and in a convoluted way can be an indicator of that pathological causes it to rise up and hit the chest wall, but it seemed, "logically", that it should be due to distension of the ventricle during diastolic filling. Harvey's was seen as the "old" opinion, and the "new" was actually a partial reversion to Cartesian physiology, in which the apex beat had been interpreted as the dilatation of the heart caused by the expansion of blood heated there.'23 This backward-looking stance had many respectable adherents including Dominic Corrigan (1 802-80)124 and Joseph Beau (1806 65).12' Their objections represented more than reactionary resistance to new ideas. They were the tenable conclusions resulting from careful physiological experiment, observation, and reasoning. Pierre Huard analysed this dilemma of the "cardiac controversy" as a problem that defied resolution through the application of such techniques as then existed. The rupture of this long standing "epistemologic obstacle" was accomplished "only in 1864, when Chauveau and Marey, with their closed-thorax cardiac catheterization, succeeded in having the heart record its own movements on a rotating drum."' 26 This work did not imply that other interpretations of the heart sounds had been irrational, but it did guarantee their obscurity. In other words, resolution of the interpretation of the heart sounds was impossible with the technology of early nineteenth-century anatomo-clinical medicine. Substituting first and second heart sounds for Laennec's confusing nomenclature of "contraction ventriculaire et auriculaire" leaves a collection of easily identifiable cardiac cases whose semiology is exact.
Stethoscopic signs Laennec set rigid standards in establishing his new elements of diagnosis, the stethoscopic signs. This type ofinductive evidence was relatively new and there were no guidelines to the acceptable limits of accuracy, or the tolerable margin of error.127
Laennec moved through this uncharted domain, apparently oblivious to the new methods in probability and statistics that could have helped him to decide on the utility, or not, of a sign. He also seemed to ignore, perhaps deliberately, any consideration of the degree of patho-physiological disruption required to generate (or obliterate) the abnormal sound; and he seems to have been unaware of at least two French contemporaries' interest in fluid dynamics and/or sound. By recognizing the position from which Laennec made his judgements, it is possible to reconstruct his priorities, when evaluating stethoscopic signs.
Laennec was inclined to ascribe one, and only one, lesion to each stethoscopic sign. Initially, he considered the lesion as a necessary cause for each abnormal sound, so that in every instance ofthe sound's occurrence Laennec could be certain that the lesion was present. Gradually, for some sounds, he came to accept the possibility that one or more lesion(s) could be (a) sufficient cause(s) of the abnormal sound, so that in each instance of hearing a particular sound he would have a limited range of possible pathological lesions. When this happened he usually rejected the value of the sound as a sign of pathological change. These priorities can be restated more clearly with twentieth-century decision making vocabulary. '28 In order to be useful, Laennec insisted, a sign must be specific, certain, and rigidly infallible in all cases. "Specificity" means that a sign is peculiar to one condition only. If a sign is not specific, then it can occur in conditions other than the one for which it is intended to be an indicator, resulting in a false positive. Specificity was not Laennec's word for this priority; he preferred the words "pathognomonique" and "constans". Nevertheless, this concept of specificity held absolute control over his formulation of auscultatory semiology. He abhorred the false positive.
Laennec also insisted on a certain level of sensitivity in his signs. If a sign is "sensitive", then it will appear in every example of a condition regardless of how minimal the change may be. If a sign is not sensitive, there may be cases which escape detection: false negatives. Sensitivity is independent of specificity. For example a sign may be very sensitive to a certain condition and also non-specific, resulting in many false positives, but no false negatives. In Laennec's formulation of auscultatory semiology, the importance he gave to sensitivity was secondary to that of specificity. These priorities will be illustrated with a few examples from the material already presented.
For the coronary theory of angina pectoris, Laennec rejected the value of the typical chest pain, described by William Heberden as a sign of coronary ossification. Ossification of the coronaries could occur as an incidental finding in patients who died of diseases other than angina pectoris. Moreover, it was not always found in patients like Nicolas Millot, who seemed to suffer from the pain of angina pectoris. In the former instance, absence of the sign, i.e. pain, was a false negative; in the latter, presence of the sign was a false positive. It is interesting that in selecting the case of Millot, Laennec indicated his belief that refutation of the theory was best supported by the latter circumstance and this suggests a philosophical distinction between him and his late eighteenth-century precursors.' 29 Laennec did continue to acknowledge the frequent association of heart murmurs with valvular change, as in the case of Ponsard. Valvular alteration may have been a sufficient cause for murmurs; in other words, murmurs may have been sensitive, but they were not specific. Analogous sounds with no valvular pathology could be heard in anaemia, tachycardia, and pregnancy. They could be produced experimentally by the compression of healthy vessels anywhere in the body. Laennec rejected these newly-discovered signs because false positives occurred too frequently to fulfil his standards ofspecificity. When he proposed that certain murmurs were signs of spasm, he moved beyond the realm of autopsy proof. No confirmation or rejection of these statements could be found, or would be expected in the cadaver. He had exceeded the limits of his method. His interpretations of heart murmurs could not be relied upon as signs, since they were only uncontrolled speculations at best.
The sound of friction rub provided an instance of a false negative. The sign had not been present ante-mortem in every case diagnosed at post-mortem. Laennec was more tolerant offalse negatives than of false positives, but such a situation made him reluctant to proclaim the reliability of the sign. In other words, the friction rub may have been specific, but it did not appear to be sensitive enough to be practical.
Only the variations of loud and soft heart sounds seemed to correlate well with the pathological changes of hypertrophy and dilation. These are the signs in which Laennec was most confident and, as cases 1, 2, and 3 show, they did apppear to be both specific and sensitive.
Examples of Laennec's criteria of acceptability of stethoscopic signs are not confined to auscultation of the heart. His description of pulmonary catarrh or bronchitis illustrates the one sign -one lesion principle. He named many different types of rales, each corresponding to what we would now describe as non-specific clinical variations of bronchitis, based on sputum colour, quantity, and texture; variations that may in fact reflect differing bacterial or viral pathogens.130 These subdivisions, like his qualitative distinctions between murmurs, were too subtle to be workable and since they did not correspond to any reliable clinical or therapeutic distinction, they fell into disuse. His distrust of the false positive is apparent in his consideration of the causes of pectoriloquy and egophony. Pectoriloquy is an increase in volume of the voice heard through the chest. Laennec tried to establish degrees of this sign to correspond to different lesions. When he found that a single degree of the sign seemed to appear in two different conditions, bronchiectasis and cavity, he was obliged to justify his decision at length, relying heavily on the anatomical similarities of the two lesions.13' Egophony is the 129 In his auscultatory work, there were no exceptions to the priority of specificity. Laennec's diagnostic criteria for heart disease were rapidly eclipsed, and his modest contribution duly forgotten. Yet within his limited conceptual framework, his auscultatory heart signs did have some diagnostic utility, independent of the accuracy of his interpretations of their physiological correlatives. It is hoped that this analysis, of Laennec's attempt to construct a workable diagnostic system of cardiac pathology with new conceptual and methodological tools, serves as an epistemological justification for his conclusions, and as a model for the decision making criteria applied by one early nineteenth-century physician to the resolution of scientific problems.
